Background: Patients undergoing treatment for esophagogastric or esophageal cancer are exposed to a considerably high risk of malnutrition due to early obstruction of the gastrointestinal passage. Presently most of the patients undergo modern multimodal therapies which require chemoradiation or chemotherapy ahead of surgery. Therefore reconstruction of the obstructed gastrointestinal passage is considerably delayed. Surgery as the only curative option after neoadjuvant treatment is the mainstay of therapy in this setting. However, many patients are at risk for the development of postoperative complications associated with the complexity of the surgical procedure. Therefore enteral feeding as a prerequisite to avoid malnutrition represents a special therapeutic challenge. Summary: This review describes the recent literature on the incidence and influence of perioperative malnutrition on oncologic outcome, measures to determine patients at risk, possible strategies to reduce or avoid malnutrition by supportive enteral/parenteral nutrition, implementation of the enhanced recovery after surgery programs and feeding routes, but also surgical and adjuvant procedures in the curative and palliative setting for patients undergoing treatment for gastroesophageal cancers. Key Messages: Appropriate identification of patients at risk is crucial to avoid malnutrition. Early nutritional interventions during multimodal/neoadjuvant treatment may be beneficial for weight loss reduction although the evidence is not conclusive. Pouch reconstructions during surgery should be applied in order to increase quality of life and eating capacity. Reduction of postoperative complications could provide potential benefits. In palliative patients, insertion of self-expanding metal stents can reduce dysphagia and improve quality of life, but does not prolong overall survival. Further evidence is required to determine the value of the procedures and measures described in this review.
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This review therefore addresses possibilities to improve nutritional status in the challenging therapeutic setting of esophageal and gastroesophageal cancer patients.
Incidence and Severity of Weight Loss in Patients with Esophagogastric Malignancy
Weight loss is a common symptom in esophageal cancer patients. The median weight loss is the highest reported in esophageal cancer patients [20] compared to other oncologic entities. A large American series reported that 57% of patients presented with weight loss at the time of diagnosis [21] . A Swedish cohort study found that weight loss persisted at least 3 years after surgery. The mean weight reduction was reported to be 10.8 kg [22] . There was an increased risk of weight loss in female patients and those receiving neoadjuvant chemotherapy. Tumor stage, location, histology, anastomotic type and reconstruction route were not related to the risk of postoperative malnutrition [23] . In summary, weight loss pre-and postoperatively is a relevant clinical and often underestimated problem for patients undergoing treatment for (gastro-)esophageal cancer.
Influence of Weight Loss on Oncologic Outcome
Malnourished patients undergoing gastrointestinal surgery are considered to be at risk for higher morbidity and mortality [24] . The risk of malnutrition among elective gastrointestinal surgery patients has been accounted for up to 14%. Among those, 40% have been reported to suffer from postoperative morbidity [25] .
Although there is a general opinion in the literature regarding negative outcomes related to pretherapeutic weight loss in cancer patients, the existing evidence does not support a connection between preoperative weight loss and oncologic outcome in general. A metaanalysis on 1,414 patients suffering from various kinds of cancers having been randomized in thirteen different studies found that nutritional support in malnourished patients improved nutrient intake and some quality of life aspects, but not cancer survival [26] . However, all these studies demonstrated marked heterogeneity, which is why that meta-analysis does not allow for definite conclusions on esophageal and gastroesophageal cancer patients.
The influence of preoperative weight loss on postoperative complications and survival was investigated in several studies for patients undergoing esophagectomy for cancer. Van der Schaaf et al. [27] demonstrated that 17% of patients had severe weight loss preoperatively. Severe weight loss was defined as a reduction of >10% of the regular weight before any treatment. These patients had a decreased 5-year survival after surgery (HR 1.34, 95% CI 1.02-1.74) without increased risk of postoperative complications. A meta-analysis from China investigating the impact of BMI on postoperative and oncologic outcomes in 2,031 patients found that higher BMI was associated with higher frequency of postoperative complications but improved overall survival [28] . Another study by Skipworth et al. [29] produced contrary results and found that preoperative weight loss was not associated with poor prognosis and that postoperative complications were not increased. On the other hand a Japanese retrospective analysis revealed weight loss of >2% to be associated with negative influence on postoperative survival (HR 1.64, 95% CI 1.09-2.46, p = 0.001) [30] .
A recent analysis by Filip et al. [31] demonstrated that nutritional status can be a prognostic factor for postoperative complications. However, the authors used the prognostic nutritional index, which is not commonly applied in nutrition assessment. Serum albumin was proposed as a surrogate marker indicating malnutrition. A review by Goh et al. [32] concluded that this marker may not be suitable for prediction of postoperative complications due to the heterogeneity of the studies and that nutritional interventions based on serum albumin level should be considered with care.
Conclusively, a clear correlation from an evidence-based standpoint cannot be determined by the data presented. Nonetheless most of the analyses report a correlation between preoperative weight loss, postoperative morbidity and overall survival.
Nutritional Status of Gastroesophageal Cancer Patients and Malnutrition Assessment
Determination of patients at risk for malnutrition is considered to be of utmost importance to identify the risk of weight loss in patients with esophageal and gastroesophageal cancers. A systematic review by Skipper et al. [33] reported on the evaluation of eleven different previously published assessment tools for patients who were treated in an acute hospital care setting and concluded that the Malnutrition Screening Tool was the only tool to be valid and reliable for malnutrition assessment in comparison with the Subjective Global Assessment (SGA), which is considered to be the gold standard [33] . The Nutritional Risk Score (NRS) provided stable data, but did not reveal statistical robustness. However, these validation studies were unspecific and applied to a general acute hospital care situation; they were not tailored to cancer patients, especially not to esophageal and gastroesophageal cancer. No evaluation or analysis was performed on the Malnutrition Screening Tool or the NRS for esophageal cancers. However, there are limited data on the NRS for gastric cancer patients [34] . Ryu and Kim [35] demonstrated a correlation between the SGA and the NRS 2002. However, most of the patients in this analysis received subtotal gastrectomies, which does not reflect the clinical reality in esophageal surgery. A retrospective study by Gavazzi et al. [36] demonstrated that the NRS may be correlated to stage and quality of life in gastric cancer patients. Due to the lack of data there is no 'gold' standard for the assessment of nutritional status in esophageal and gastroesophageal cancer patients from an evidence-based point of view. A Cochrane meta-analysis found that due to the heterogeneity of studies and lack of randomized controlled trials, there is no evidence of the effectiveness of nutritional screening [37] . Another systematic review by van Bokhorstde van der Schueren et al. [38] found that not a single nutrition assessment tool was capable of adequate screening and prediction of hospital outcome. Nonetheless the authors found that the SGA, the NRS 2002 and the Malnutrition Universal Screening Tool performed adequately in outcome prediction for adults but not for elder patients. The European Society for Clinical Nutrition and Metabolism (ESPEN) recommends the NRS 2002 score for surgical patients as a standard tool [39] .
Enteral versus Parenteral Nutrition
Considering the data discussed so far, early recovery from perioperative weight loss appears to be beneficial for malnourished patients or patients at risk in order to reduce perioperative morbidity and oncologic outcome. Two major concepts are described in the literature: enteral and parenteral nutritional support. However, meta-analyses and systematic reviews on the outcome of those interventions are inconclusive so far. A meta-analysis by Peter et al. [40] investigating 30 randomized controlled trials demonstrated that there was no difference in mortality between the parenteral and enteral groups, whereas parenteral nutrition was associated with increased infectious complications, catheter-related infections and longer hospital stay. However, the authors concluded that due to the heterogeneity of the enrolled trials, a clear statement cannot be made and further investigation is necessary [40] . A recently published randomized controlled trial investigating differences between enteral and parenteral routes in intensive care patients concluded that there was no difference between the two procedures regarding infectious complications [41] . Another randomized controlled trial investigated the application of parenteral nutrition in intensive care patients unable to receive early enteral nutrition and demonstrated no difference in 60-day mortality rates compared to those patients undergoing standard care with the benefit of shorter periods of invasive ventilation and less muscle and fat loss [42] . This setting does however not reflect the clinical reality in esophageal and gastroesophageal cancer surgery. A recently published meta-analysis of ten prospective studies investigated the outcomes of parenteral or enteral nutrition after esophagectomy [43] . There was no significant difference in overall postoperative complication rates, but pulmonary complications and anastomotic leakages (-54%) were significantly reduced in the enteral nutrition group. Postoperative albumin levels did not differ significantly between the groups but increased faster in the enteral nutrition group. The results should be considered with care in the Western hemisphere because the metaanalysis included only randomized trials from China and Japan.
Enhanced Recovery after Surgery
Despite the fact that the evidence levels for nutritional interventions do not necessarily support the notion that early feeding reduces postoperative complications and in consequence may be helpful to control body weight in esophageal and gastroesophageal cancer patients, improvement of postoperative care should be considered a prerequisite in order avoid malnourishment. Despite this, postoperative complications have been associated with decreased oncologic overall survival after cancer surgery [44] [45] [46] . Several complications may arise in gastroesophageal cancer surgery, among them anastomotic leakages and pulmonary complications requiring intensive care treatment in many cases. So-called enhanced recovery after surgery (ERAS) programs were proposed in the past [47] . Despite marked heterogeneity between the programs, all found reduced morbidity and mortality. A recently published review summarized the results and reviewed the respective components of the ERAS programs.
Preoperative Period
Reduction of fasting times to 6 h for solid food and to 2 h for liquids is recommended. Further, carbohydrate loading could attenuate surgical stress. Preoperative improvement of nutritional status was not recommended due to lack of data and unavailability of randomized trials. The same applies for preoperative inspiratory muscle training in esophageal surgery. Despite lack of high-quality evidence-based data, improvement of preoperative iron deficiency anemia by iron supplementation is supported by existing data.
Perioperative Period
Epidural pain control was found to be beneficial for postoperative outcomes. The application of minimally invasive techniques is recommended but not based on high-quality data. Goal-directed therapy of perioperative fluid status is recommended for reduction of pulmonary complications.
Postoperative Period
Removing the chest drain was recommended at a daily discharge <200 ml without a significant risk of fluid collections. Further, limitation to only one drain was recommended. Interestingly gastric conduit decompression by a nasogastric tube was recommended. Further, early removal of urinary catheters was recommended to reduce local infectious complications. Besides this all patients should be mobilized early in the postoperative course.
Feeding Routes
Enteral feeding in post-esophagectomy patients represents a major challenge because surgeons are usually reluctant to apply early oral food intake due to a possible risk for anastomotic breakdown. Therefore, several enteral feeding routes were investigated in clinical trials. Most commonly nasoduodenal tubes were compared to jejunostomy catheters in the past. A randomized controlled trial by Torres Junior et al. [48] randomized 42 patients to receive either nasoenteric tubes or jejunostomy catheters after esophagectomy. Although there was no difference in initiation of enteric nutrition, the time of enteral feeding was significantly shorter in the nasoenteric tube group and parenteral nutrition had to be applied more frequently. The route-dependent complication rates did not differ significantly. Therefore the authors concluded that a feeding jejunostomy was favorable in the light of possible postoperative complications because enteral feeding did not have to be suspended in case of anastomotic complications. Another retrospective analysis on 262 patients concluded that needle catheter jejunostomy insertion was a safe procedure with a low complication rate (1.5%) enabling long-term enteral feeding from the first postoperative day [49] . Han-Geurts et al. [50] also investigated the application of feeding jejunostomies compared to nasoduodenal tubes in a randomized controlled trial enrolling 151 patients undergoing esophagectomy. The overall complication rate was not significantly different, but the catheter-related complication rate was rather high; 35% of the patients in the jejunostomy group developed catheterrelated complications compared to 30% in the nasoduodenal tube group, which was not statistically significant. The authors concluded that both methods were effective, but they could not identify obvious advantages for any of the methods applied. Reviewing the present data conclusively, feeding jejunostomies do not seem to lead to increased complication rates, with the advantage of long-term feeding access and a possible reduction of pulmonary complications. Therefore jejunal insertion of a feeding tube during surgery should be recommended in order to provide enteral nutrition as early as possible.
Immunonutrition
The application of immunonutrition formulas has been increasingly investigated in upper gastrointestinal surgery. Immunonutrition is a feeding solution enriched with arginine, glutamine, omega-3 fatty acids and RNA. These solutions are considered to modulate immune responses and enhance antioxidant cell responses. Therefore, immunonutrition is supposed to reduce postoperative complications, which in turn is supposed to be beneficial for early recovery. A recent meta-analysis in gastric cancer patients revealed that immunonutrition may be beneficial for the induction of NK and CD4 cell responses as well as for the reduction of IL-6/TNFα levels and the increase of IgA and IgM. However, these effects did not translate into reduced complication rates or reduced length of hospital stay [51] . Another systematic review including esophageal surgeries found similar conclusions [52] . The reasons were related to the heterogeneity of the respective studies and small sample sizes. From an evidence-based point of view, immunonutrition does not substantially contribute to a significant reduction of postoperative complications in gastroesophageal surgery.
Reconstruction Routes
Reconstructing the gastrointestinal passage is the prerequisite to provide enteral nutrition to any patient undergoing resection for esophageal or gastroesophageal malignancy. However, different reconstruction techniques do not apply for patients undergoing transthoracic esophagectomy because usually the stomach is used as a substitute for the resected esophagus. In contrast, patients undergoing transhiatally extended gastrectomy for gastroesophageal junction cancers of Siewert type II and III are eligible for various reconstruction techniques. Several possibilities have been evaluated in the recent past. The most common techniques are the pouch reconstruction and the Roux-en-Y reconstructions. A meta-analysis by Gertler et al. [53] on thirteen randomized controlled trials demonstrated that pouch reconstructions provided several advantages, such as reduced dumping symptoms and reduced heartburn, while at the same time postoperative morbidity and mortality as much as postoperative length of hospital stay and operating times were not increased compared to a simple Roux-en-Y reconstruction. Most importantly, patients undergoing pouch reconstructions had improved eating capacity, increased body weight faster and revealed higher quality of life scores. Another meta-analysis on pouch sizes from China further concluded that small pouches demonstrated advantages over large pouches with regard to eating capacity per meal, while at the same time heartburn, dysphagia, vomiting and post-gastrectomy syndromes could be improved [54] . Conclusively, patients undergoing extended gastric resections should be considered for pouch reconstructions in order to control for weight loss and malnutrition.
Postoperative Pancreatic Insufficiency
Exocrine insufficiency of the pancreas is reported to be associated with weight loss and malnutrition after gastrointestinal surgery. The disruption of the stimulating pathways after gastroesophageal surgery is supposed to result in reduced output of pancreatic enzymes which leads to steatorrhea, diarrhea and impaired absorption of fat-soluble vitamins [55] . Friess et al. [56] investigated pancreatic function after total gastrectomy in 15 patients by a secretin-cerulein test and found that pancreatic secretion of trypsin, chymotrypsin and amylase was significantly reduced 3 months after surgery. Not only exocrine but also endocrine function was depressed after gastrectomy: all patients demonstrated not only impaired glucose tolerance but also reduced gastrin and pancreatic polypeptide. An older study by Armbrecht et al. [57] investigated the influence of postoperative pancreatic enzyme supplementation. Here, 15 patients either received pancreatic enzyme substitution after total gastrectomy or placebo. The authors demonstrated that stool consistency became more solid and fecal fat excretion was reduced in patients with massive steatorrhea (defined as content of free and esterified fatty acids in the stool >350 ml/72 h). A follow-up study by Brägelmann et al. [58] randomized 52 patients with a fecal fat output of >14 g/day after total gastrectomy for cancer to either receive pancreatic enzymes or placebo. Interestingly there was no improvement of specific symptoms, but patients felt more comfortable after enzyme supplementation. Further, the median kilojoule intake per kilogram body weight was significantly higher in the placebo group and no differences in bowel habits or fat malassimilation were reported. The most recent study by Huddy et al. [59] examined 63 patients after esophagectomy who received pancreatic enzyme replacement, with exocrine pancreatic insufficiency proven by marked reduction of fecal elastase-1 excretion in the stool (<200 μg/g) or with moderate decrease (200-500 μg/g) accompanied by severe symptoms. The authors found that 16% of the patients demonstrated severe exocrine pancreatic insufficiency and failed to regain their preoperative weights. It was shown that symptomatic improvements were achieved in 90% of the cases and 80% either increased their weight or were able to keep it at a stable level. Patients with moderate decrease of fecal elastase-1 revealed symptomatic benefit in only 42% of the cases, and only 17% were able to gain weight. Conclusively these data suggest that patients after esophageal or gastric resections for cancer should be tested for pancreatic exocrine insufficiency and treated by enzyme substitution if this is confirmed. The value of prophylactic enzyme replacement in oligosymptomatic or unproven pancreatic insufficiency has to be carefully evaluated in the future.
Procedures in Patients Undergoing Non-Curative Treatments
Feeding challenges are most pronounced in patients undergoing non-curative treatments due to metastatic disease or technical irresectability. These patients usually undergo chemotherapy or chemoradiation for palliation. Surgical resection is not indicated as long as no life-threatening situations, such as bleeding or perforation, occur. However, these patients are challenging regarding nutritional support. Due to progressive dysphagia in the beginning of their treatments, this group of patients is exposed to a high risk of malnutrition. Therefore, feeding access and local treatments are considered to be of utmost importance in order to preserve quality of life. Further, it was shown that malnutrition affects the effectiveness of chemotherapeutic treatment not only due to changes in the protein metabolism, but also leads to increased toxicity and in consequence to inadequate tumor control [16] . Several techniques have been proposed in the past to gain local tumor control, which are self-expanding metal stents (SEMS), thermal laser therapy, photodynamic therapy (PDT) and argon plasma coagulation in addition to chemotherapy and chemoradiation. A recent meta-analysis on 53 randomized controlled trials by Dai et al. [60] investigated dysphagia improvements for the above-mentioned treatment modalities.
SEMS versus Plastic Tube Stents. Seven trials investigated the outcome after SEMS insertion compared to plastic tube stents [60] and concluded that SEMS insertion was superior with regard to overall dysphagia improvement, although the result was not statistically significant. Regarding persistent or recurrent dysphagia there was a statistically significant benefit in favor of SEMS (p = 0.017). The procedure mortality was reported to be higher in the plastic stent group (p = 0.019), the adverse events rate was significantly lower in the SEMS group and the initial hospital stay was significantly shorter in the latter. Quality of life and overall survival were not improved by SEMS insertion. Conclusively the authors stated that SEMS insertion can be considered superior to plastic stent insertion.
Stent versus Laser. Two trials investigating SEMS versus laser ablation were included in the above-mentioned meta-analysis [60] . The authors found that neither of the two procedures was superior to the other regarding dysphagia improvement, recurrent dysphagia and procedure-related mortality. There were no differences in quality of life and overall mortality. However, SEMS insertion had a higher procedure-related success rate and less patients had to undergo re-interventions. Regarding the evidence presented here, there is no obvious advantage for either technique. When laser application was compared to plastic stent insertion no differences could be identified regarding dysphagia improvement, procedure-related mortality, adverse event rate and overall survival.
SEMS versus Brachytherapy. Two trials reported on the outcomes of SEMS insertion compared to brachytherapy [60] . It was shown that SEMS insertion provided faster dysphagia improvement, which diminished over time. Brachytherapy was reported to provide tumor control for a longer time period and higher quality of life scores. Further, there was a significantly lower rate of procedure-related complications both in esophageal and in gastroesophageal cancer patients.
Laser versus Laser with or without either Brachytherapy or External Beam Radiation. Six trials investigated on the outcomes of laser therapy versus laser therapy combined with radiation therapy [60] . Radiation was delivered either by external beam or by brachytherapy. The meta-analysis on these trials found that laser therapy which added radiation increased the dysphagia-free period and reduced recurrent dysphagia without significantly improving survival.
Laser versus PDT. This analysis included two randomized controlled trials comparing laser versus PDT [60] . The results revealed no significant differences in dysphagia improvement, but repeated endoscopic interventions were less often required after PDT. Further PDT improved quality of life and dietary performance. However, overall survival was not improved by either of the two techniques.
Several combinations of the above-mentioned techniques were investigated in randomized trials. However, due to the heterogeneity of these studies, clear conclusions cannot be drawn from the existing evidence. The authors of a meta-analysis further concluded that SEMS insertion can be a reliable and fast method on palliating dysphagia symptoms whereas brachytherapy may be more effective regarding long-term control [60] . From the authors' point of view plastic tube insertion, chemotherapy and chemoradiation alone cannot be recommended for palliation. Combination therapies will have to be investigated more extensively in the future, with a special focus on quality of life and dysphagia improvement.
Stent Insertion in the Neoadjuvant Setting
Stent insertion was investigated by Jones and Griffiths [61] for patients undergoing neoadjuvant treatment for advanced esophageal cancers. The systematic review demonstrated a rapid improvement of dysphagia in all of the included studies. However, no significant improvement of nutritional status, defined by body weight and albumin levels, was noted. There was a considerable heterogeneity between the studies. The rate of patients proceeding to surgical resection varied extensively from 0 to 56%. This however was attributable to disease progression and not to a decline in nutritional resources. Further, there was a considerable amount of stent-associated complications like migration and perforation, especially when the patients responded well to neoadjuvant treatment. The authors concluded that stent insertion for patients undergoing neoadjuvant treatment in esophageal cancers cannot be supported despite rapid improvement of dysphagia because the procedure did not translate into improved nutritional status, while patients developed a considerable amount of complications at the same time.
Conclusions
Based on the data and literature presented in this review, these recommendations are supposed to overcome feeding challenges in patients undergoing esophageal and gastroesophageal cancer surgery:
(1) Adequate evaluation of malnutrition risk. Adequate identification of patients by screening tools such as the NRS 2002 or the SGA is a prerequisite to avoid malnutrition and malnourishment.
(2) Prevention of weight loss during multimodal therapy. Although the evidence is not conclusive, preoperative weight loss should be avoided to reduce postoperative morbidity by either enteral or parenteral nutrition. Stent insertion during neoadjuvant therapy does not improve nutritional status significantly and should be avoided in order to reduce procedureassociated complications.
(3) Consideration of reconstruction routes for faster weight gain. Pouch reconstructions in (extended) gastric resections should be considered for their obvious advantages in increased eating capacity, weight gain and quality of life. For esophageal cancer patients undergoing transthoracic resection with gastric conduit reconstruction, feeding jejunostomy should be applied to ensure early enteral nutrition.
(4) Prevention of postoperative complications. Postoperative complications should be avoided to improve nutritional status without delays. ERAS programs appear to be helpful, but evidence-based recommendations do not exist. Pancreatic enzyme replacement should be considered in patients unable to gain weight and with clinical symptoms of pancreatic exocrine insufficiency after appropriate testing.
(5) Conservation of the oral passage in palliative, unresectable and palliative patients. Early stent insertion (SEMS) is recommended in palliative patients to reduce dysphagia. Brachytherapy provides better long-term control and higher quality of life scores. There is no high-level evidence for multimodal combination therapies yet.
The data presented in this review provide some evidence that control for malnutrition may help improve not only quality of life but also patients' oncologic outcome. However, evidence-based data on various interventions can be considered scarce and modern clinical research should be encouraged by initiation of randomized controlled trials in order to reduce uncertainties in nutrition management of esophagogastric cancer patients.
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